ABSTRACT
Carpal tunnel syndrome (CTS) is the most frequent upper extremity entrapment neuropathy which causes a decline in hand functions. The incidence of CTS in the general population diagnosed clinically and electrophysiologically is around 2 to 7%. [1] Carpal tunnel syndrome is often seen between the ages 50 and 59. Since the severity of CTS increases with the advancing age, it can be considered as a progressive disorder developing in the early ages. [2] The main complaints of patients with CTS are paresthesia and pain that occur at the fingers which innervated by the median nerve. History, physical examination, and provocative tests are useful for the diagnosis of CTS. Nerve conduction studies in accordance with the American Association of Electrodiagnostic Medicine guidelines are helpful for the diagnosis of CTS with high specificity and sensitivity. [3] Electrophysiological tests are also useful for the differential diagnosis. [4] Evaluating the functional status of hand in patients with CTS is useful both for making the treatment decision, and following the results of conservative or surgical treatments. The Boston Questionnaire (BQ) is a widely used specific test for CTS. The Duruöz Hand Index (DHI) is developed for evaluating the functional status of hand in patients with rheumatoid arthritis (RA). [5] It can be used to evaluate hand-related disability in systemic sclerosis, diabetes mellitus, stroke, and traumatic hand flexor tendon injuries. [6] [7] [8] [9] [10] Although the validity and reliability of DHI have been studied in different diseases, to the best our knowledge, these studies do not cover CTS. Therefore, in the present study, we aimed to investigate the reliability and validity of DHI in patients with CTS.
PATIENTS AND METHODS
A total of 55 patients (50 females, 5 males; mean age 51.0±10.2 years; range, 30 to 73 years) aged ≥18 years who were admitted to the outpatient clinic of a rehabilitation hospital between December 2010 and December 2012 with the diagnosis of CTS both clinically and electrophysiologically were included in this study. The patients who had hand surgery, hand or wrist deformities, arthritis or communication problems were excluded from the study. Demographic and clinical characteristics of the patients were recorded. Severity of pain, night disturbance, and hand weakness were evaluated using a 10-cm Visual Analog Scale (VAS). All patients were assessed by Tinel's and Phalen's tests. Moreover, all patients completed DHI and they filled out DHI at a week interval. The BQ and Health Assessment Questionnaire Disability Index (HAQ-DI) were completed at the baseline. Internal consistency of DHI was evaluated using the Cronbach's alpha. For the test-retest reliability, intraclass correlation coefficients (ICC) were calculated. For the construct validity, factor analysis was carried out. Correlation results between the DHI and BQ and HAQ-DI were assessed.
Measurement tools Duruöz Hand Index (DHI)
The DHI was developed for evaluating the functional status of the hand in French patients with RA. [5] It is also known as Cochin Hand Functional Disability Scale. It consists of 18 items related with the hand activities. It has five factors such as kitchen (1-8 items), dressing (2 items), personal hygiene (2 items), office tasks (2 items), and others (4 items). Every item has a score between 0-5 and total score changes between 0-90. Higher scores indicate severe hand-related disability. There are French, English, and Turkish versions of the scale. The reliability and validity of DHI have been studied in hand osteoarhritis, [6] traumatic hand flexor tendon injuries, [9] stroke, [10] systemic sclerosis (scleroderma), [7] and diabetic hands. [8] Boston Questionnaire (BQ)
The BQ was developed by a group of hand surgeons, rheumatologists, and patients to assess CTS-related pain, paresthesia, numbness, weakness, nocturnal symptoms, and general functional status. [11] It consists of two scales: Symptom Severity Scale and Functional Status Scale. Symptom Severity Scale has 11 questions. Functional Status Scale evaluates eight activities. Every item has a score between 1-5. Higher scores show higher disability level related with the activity. The reliability and validity of the Turkish version of the BQ have been shown. [12] Health Assessment Questionnaire Disability Index
The HAQ is a useful test that provides information about the general state of health status. [13, 14] It is a commonly used scale to measure the functional status. It is particularly useful for assessing functional disability in daily activities. It is a self-assessment test that can also be performed by face to face interviews in clinical settings. It contains 20 items in eight domains. It evaluates the functional status of upper and lower extremities with questions about dressing, arising, eating, walking, hygiene, reach, grip, and activities. Every item has a score between 0-3. Zero shows activities can be performed easily, whereas 3 indicates that performing the activity is impossible. Each domain is scored separately. Total score can be calculated by taking the mean score of eight domains. Higher scores indicate worse functional status. The reliability and validity studies of the Turkish version of HAQ have been shown. [15] This study was approved by the institutional Ethics Committee. An informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistical analysis
Statistical analysis was performed using the IBM SPSS version 22.0 statistical software (IBM Corp., Armonk, NY, USA). Descriptive data were expressed in mean, standard deviation, minimum, maximum, median, frequency, and percentage. The distribution of the variables was measured using the KolmogorovSmirnov test. Repeated measurements were analyzed by the Wilcoxon test. The Cronbach's alpha, which is a useful test for determining relationships between items, was calculated for the internal consistency reliability. Intraclass correlation coefficients were calculated for the test-retest reliability. Values near 1 indicate higher test-retest reliability, while values near 0 indicate lower test-retest reliability. Confirmatory factor analysis was performed to verify the consistency between the predicted factor structure and the factor analysis with our data. The p value for confirmatory factor analysis should be higher than 0.05. The Goodness Fit Index (GFI), Confirmatory Fit Index (CFI), and Normed Fit Index values should be higher than 0.90 for acceptable fit. The value of the Root Mean Square Error of Approximation (RMSEA) is interpreted as follows: ≤0.05 indicates very good, >0.05-0.08 good, and ≥0.10 poor fit. The Spearman correlation test was used to evaluate the relationship between the DHI and both BQ and HAQ-DI for construct validity of the scale. If the Spearman's correlation coefficient is closer to 1, there is a stronger relation between the measures, whereas the values closer to 0 show a weak correlation. A p value of <0.05 was considered statistically significant.
RESULTS
Demographic and clinical characteristics are shown in Table 1 . Of the patients, 41 (74.5%) were housewives. In this study, CTS was bilateral in 29 patients (52.7%). Almost all patients had right hand dominance. Provocative tests were positive in more than 80%. The mean VAS pain, VAS night disturbance, and VAS weakness scores were 5.65±2.25, 4.78±2.44, and 3.01±2.71, respectively.
The DHI, BQ, and HAQ-DI scores are summarized in Table 2 . The mean values for the first and second measurements of DHI were 23.25±20.64 and 20.45±20.07, respectively. The mean Boston Symptom Severity Scale and Functional Status Scale scores were 2.87±0.80 and 2.73±1.03, respectively. The mean HAQ-DI score was 0.91±0.66. Internal consistency for DHI total and factor scores are summarized in Table 3 . All of the Cronbach's alpha values except office tasks item were above 90. The Cronbach's alpha was 0.828 for office tasks. Internal consistency of DHI was high. Cronbach's alpha was 0.97 for total score of DHI. Intraclass correlation coefficients (ICC) are shown in Table 4 . All of the values except other activities were above 0.8. The ICC for other activities was 0.793. Test-retest reliability of DHI was high. There was a statistically significant correlation between the two measurements of DHI total and factor scores.
The results of the confirmatory factor analysis are summarized in Table 5 . The c 2 /Df value was <3 (p<0.001). Our model met the condition for good fit. However, the GFI, CFI, NFI, RMSEA values were <0.90. The GFI, CFI, NFI, and RMSEA values did not meet the condition for good conformity. The correlations between DHI and BQ as well as HAQ-DI subscales are shown in Table 6 . A statistically significantly positive correlation was found between the DHI and BQ (p<0.001). The DHI was significantly correlated with the HAQ-DI (p=0.001). The Spearman's correlation coefficients for the relationship between DHI and BQ total score and HAQ-DI were over 0.6.
DISCUSSION
In this study, the DHI is found as a reliable and valid test in CTS. The DHI was correlated very well with the subscales and total score of BQ. There was a very good correlation between the DHI and HAQ-DI total score and the subscale scores except for the personal hygiene area. Similarly, Yücel and Seyithanoğlu [16] reported a statistically significant correlation between DHI and BQ in a group of patients who had carpal tunnel release surgery.
In a previous study including 89 patients with hand osteoarthritis, the interobserver reliability of DHI was reported as excellent. [6] In the aforementioned study, the authors concluded that the validity of DHI was also good, as shown by significant correlations with the Revel's Functional Index, Dreiser's Functional Index, and handicap as measured by VAS. Moreover, they suggested that hand-related functional status was improved in the seven-month follow-up period after surgery. The good responsiveness of DHI was also reported in another study. [17] These results are consistent with out findings. However, the responsiveness of DHI was not assessed in our study.
Brower and Poole [7] concluded that DHI was a reliable test in which ICC values differed between 0.81 and 0.97 for the test-retest reliability in systemic sclerosis. The validity of DHI in systemic sclerosis was studied by the significant correlation results between DHI and Keital Function test, Arthritis Hand Function test, HAQ in the aforementioned study.
In a previous study including patients with diabetes mellitus, the DHI was reported to be a valid test for the assessment of hand disability, as a result of the significant correlation results between DHI and Hand Functional Index, VAS, Hand Disability and Pins tests. [8] In another study, excellent test-retest reliability for DHI was reported by the value of 0.99 for ICC in flexor tendon injuries of the hand. A good internal consistency reliability was also reported by the value of 0.87 Cronbach's alpha in the same study. In addition, significant correlation results between the DHI and disabilities of arm, shoulder and hand questionnaire (DASH), VAS for handicap and hand functions were reported. [9] In another study, it was concluded that DHI had an excellent test-retest reliability, as shown by the value of 0.99 for ICC in stroke patients. The Cronbach's alpha was reported as 0.97 in the same study. A strong correlation was reported between DHI and self-care domain of Functional Independence Measurement (FIM) in term of construct validity. [10] In the BQ functional status scale, there are questions related with hand functions in eight domains. Each item is assessed on a five point-scale. One indicates completing the activity without difficulty, whereas five indicates that the activity is impossible to perform. In DHI, each item is scored on a total of six points. Therefore, the DHI may provide more detailed information about the hand functions. There are some differences in terms of the activities which are assessed in both tests. Writing, buttoning up, and opening a jar are common activities that are inquired in both BQ and DHI. In BQ, there are also items which evaluate bathing and dressing. However, in the DHI, there is no item related to bathing. On the other hand, in the DHI, there is an extra zipping question related with dressing. In DHI, hand functions are questioned in detail for kitchen work. Since most of the CTS patients are female as in our study, detailed questions on kitchen work are useful for measuring and following the functional impairment. Along with that, three out of four of the patients were housewives in this study, thus, the importance of thorough housework assessment, brushing teeth, opening the door, using scissors were also asked in the DHI. In the BQ, bathing, reading, holding a phone, carrying a shopping bag and doing house work were asked. In the HAQ-DI, dressing up, rising up, eating, walking, hygiene, reach, grip and some usual activities related to both upper and lower extremities were assessed on a four-point scale. The HAQ-DI is a widely used test; however, it is not a specific test for evaluating hand-related disability.
Another advantage for the use of DHI as a reliable and a valid test in CTS patients is that it may be sometimes an extraarticular manifestation of RA. Carpal tunnel syndrome has been reported in 2.8% of patients with RA in a previous retrospective study. [18] The CTS incidence is about 4.18 per 1,000 person-years according to another study. [19] Since CTS can be seen in patients with RA, DHI can be advantageous, particularly in the patients with both CTS and RA. Using DHI for various hand problems make the functional impairment due to these different conditions comparable. The DHI has a three factor-structure. Confirmatory factor analysis revealed that c 2 /Df value was <3 (p<0.001) which shows that model fit is acceptable. However, the values <0.90 belong to GFI, CFI, NFI, and RMSEA did not meet the criteria of good fit due to the relatively small sample size.
In this study, the mean DHI scores for CTS patients were found to be 23.25 and 20.45 in the first and last tests, respectively. In a previous study, the DHI scores for a group of patients with hand osteoarthritis were found to be 16.39±13.49 (0-52). [6] In other studies, DHI scores were reported as 21.10±19.25 (0-66) for systemic sclerosis patients; 5.80±9.58 for diabetic hand patients; 40.45±17.71 for the patients with flexor tendon trauma in hand; and 31.2±26.6 for stroke patients. [7] [8] [9] [10] In this study, the disability of hand in CTS patients was found to be comparable with that of the patients with systemic sclerosis. Flexor tendon trauma causes more severe disability in hand, compared to CTS.
The strength of this study is, to the best of our knowledge, being the first study which investigates the reliability and validity of DHI in patients with CTS. However, this study has some limitations such as the lack of a power analysis to estimate the number of participants and no follow-up due to the crosssectional design; therefore, the responsiveness of DHI was unable to be investigated.
In conclusion, our study results suggest that DHI is a reliable and valid test which can be used for evaluating hand functions in CTS patients.
